dence of .30% in neurosurgical patients and up to 91% in patients undergoing bariatric surgery. 10 -12 When screened using the Berlin questionnaire, 8 about 24% patients were noted to be at risk of having OSA, as opposed to 27.5% 13 using STOP (Snoring, Tiredness, Observed apnoeas and high blood pressure) questionnaire. OSA can pose a significant challenge to anaesthetists in the perioperative period due to possible difficult intubation, increased sensitivity to opioids and postoperative upper airway obstruction, 14 the physiological interaction of cross-sectional area, lung volume, and driving pressure changes, body position effects, and fat distribution. 15 16 Review of the literature shows that the majority of studies have shown a higher overall postoperative complication rate in patients with OSA compared with the general population. Significant variation, however, has been noted in the reporting of these complications between different studies. For example, most studies associate OSA with respiratory complications, but similar association with major complications such as postoperative respiratory failure is not clear. Unanticipated intensive care unit (ICU) transfers after surgery were not reported by some studies, but in others, some ICU transfers were electively scheduled before surgery, and some studies were designed as quality improvement (QI) projects with the explicit goal of minimizing transfers to ICU. There are a number of reasons for this variation, including: whether OSA was diagnosed clinically, by screening or by a gold standard test, whether the comparison was against a group of 'true controls' [OSA excluded by formal polysomnography (PSG)], sample size, whether the study was designed primarily as a QI project to mitigate adverse outcomes, and whether the patients were on treatment with positive airway pressure therapy before surgery and perioperatively. The objective of this meta-analysis is to examine the evidence linking the presence of OSA in patients undergoing elective surgery with perioperative complications.
Methods

Search strategy and study selection
We screened abstracts of published observational studies evaluating the association OSA and postoperative complications in patients undergoing non-cardiac surgery. A literature search was conducted by four authors (R.K., V.P., J.M., and A.V. . The search used the MESH keywords 'sleep apnea, obstructive' and 'postoperative period' and also the text keywords 'postoperative' and 'complications' or 'outcome', 'perioperative care', 'intraoperative care', 'postoperative care', 'intraoperative monitoring', 'postoperative monitoring', 'perioperative complications', 'intraoperative complications', 'postoperative complications', 'outcome', 'risk', 'morbidity', 'mortality' and 'death' and also 'obstructive sleep apnea', 'obstructive sleep apnea syndrome', 'obstructive sleep apnoea', 'obstructive sleep apnoea syndrome', 'sleep disordered breathing', 'obesity hypoventilation syndrome', 'apnea or apnoea', 'hypopnea or hypopnoea'. The full search strategy used in PubMed is shown in the Appendix.
Our search was restricted to cohort or case -control studies in adult (.18 yr old) patients, with information available on at least one postoperative complication/outcome in patients with and without OSA, published in any language. Patients may have been diagnosed before operation with OSA either by screening questionnaire, oximetry, or PSG. We excluded studies without information on control patients (i.e. those without OSA), studies where patients underwent upper airway surgery, or if the diagnosis of OSA was on the basis of ICD-9 codes alone. Abstracts were reviewed independently by two investigators (R.K. and V.P.), and full-text articles were retrieved for abstracts that fulfilled inclusion/ exclusion criteria. A manual review of references from primary or review articles was also performed.
Data extraction
Two investigators (R.K. and V.P.) extracted data, and the results were compiled. Disagreement was resolved by consensus. The following information was collected from each study: year of publication, sample size, size of OSA and control groups, type of surgery, ASA class, age, gender, BMI, history of hypertension, diabetes, coronary artery disease (CAD), heart failure (HF), cerebrovascular accident (CVA), chronic obstructive pulmonary disease, asthma, and the primary outcomes.
Primary outcomes
Our primary postoperative outcomes were any cardiac or respiratory complications. Postoperative respiratory complications were characterized as postoperative desaturation, acute respiratory failure (ARF), and tracheal reintubation. Most studies defined postoperative desaturation as oxygen desaturation ≥4% below baseline or last recorded value for .10 s 17 18 with S p O 2 ,90%. 13 19 20 Only three studies provided definitions for ARF; two of these on the basis of need for mechanical ventilation 21 22 and another defined ARF as oxygen saturation ,90% or hypercapnia requiring continuous positive airway pressure (CPAP), bilevel positive airway pressure, or reintubation. 23 No standard definition of cardiac complications was used by any study, but these included myocardial infarction, ischaemia, or both, new arrhythmias, tachycardia/bradycardia, hypotension, and cardiac arrest. Other major primary outcomes were ICU transfer and length of stay (LOS).
Study quality assessment
Two investigators (R.K. and V.P.) evaluated the quality of studies. The quality of studies was graded as (i) prospective cohort study, (ii) retrospective cohort study, (iii) casecontrol study, and (iv) cross-sectional study. We systematically assessed key points of study quality proposed by the MOOSE collaboration 24 
Statistical analysis
This study followed the reporting guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 25 The Mantel -Haenzel method was used to combine categorical events, and the inverse variance method to combine continuous events. Fixed effects models were used for all analyses, as they are better when outcomes are scarce. For outcomes with substantial heterogeneity, random models were also used and shown as primary models. 
Results
Eligible studies
A total of 6247 records were identified and reasons for excluding studies are explained in Figure 1 . Only 13 studies 17 -21, 23 27 -33 were included in the final analysis.
The total number of patients was 3942. Some studies only included ICD-9 codes for diagnosis of OSA and unique postoperative complications such as acute respiratory distress syndrome and had to be excluded from the analysis. 22 34 Another was excluded since it only provided the median propensities and not the exact numbers for outcomes. 35 We contacted the authors of these studies, 34 35 but given the specifics of each study, we were unable to obtain the data we needed for our analysis. Most of the studies had a high/moderate quality.
Study characteristics
The studies were heterogeneous (Table 1 ). Patients had a mean age of 57.4 (14.9) yr, and 1819 (59.6%) were male. Sixteen studies included information on at least one postoperative complication. The number of cardiac events, respiratory failure, and tracheal reintubation was low (0-13.5%), while a higher frequency was noted for desaturation and ICU transfers (0.6-40.9%). Five studies were prospective cohorts and eight retrospective cohorts ( Table 2 ). All studies clearly identified the study populations and defined appropriately the outcomes. Three studies had selective loss of patients during follow-up, and seven studies appropriately adjusted associations for important confounders, prognostic factors, or both. Fig. 2E ]. Both of these outcomes showed a significant degree of heterogeneity of the effect among studies (I 2 ¼57 -68%, P,0.02). Finally, the presence of OSA was associated with a higher LOS in two studies 19 21 (MD 1.79 days, 95% CI 0.87 -2.72, P¼0.0001; I 2 ¼0%). We did not find evidence of publication bias from the evaluation of the funnel plots.
Subgroup analysis
The association between OSA and postoperative outcomes remained unchanged among the subgroup which defined OSA only on the basis of PSG criteria (Supplementary material). The association did not change in the studies that reported the prior use of CPAP among some of their patients and in studies that adjusted for age and BMI. As would be expected, studies that were initiated as QI projects found non-significant associations between OSA and all postoperative outcomes. The subgroup of studies that excluded known OSA patients also showed the same trends as the main analysis. However, due to a limited number of studies, postoperative respiratory failure and tracheal reintubation could not be evaluated.
Discussion
The principal findings are that the incidence of postoperative respiratory desaturation, respiratory failure, postoperative cardiac events, and ICU transfers was higher in patients with OSA when compared with those without OSA. Within the cohort of patients who developed postoperative ARF, the incidence of reintubation during the postoperative course was higher among the OSA patients in studies that specifically reported it but not statistically significant. As would be anticipated, respiratory difficulties dominate the spectrum of postoperative complications in patients with OSA.
Postoperative ARF
There was a significant variation in the reporting of ARF between studies. The incidence reported did not vary with the number of patients in the study (range: n¼31-661),
Obstructive sleep apnoea and postoperative outcome with both extremes reporting a low number of events. In addition, only two studies 21 22 reported ARF using a standard definition, but only one of these could be included in the analysis. One reported respiratory failure as reintubation and/or hypercapnia needing CPAP, 19 and another study 27 dropped all patients with adverse intraoperative events needing prolonged ventilation from the final analysis. More importantly, four out of 13 studies 17 23 27 30 included in our analysis began as clinical practice improvement initiatives to mitigate OSA-related complications in patients considered to be at high risk. Continuous pulse oximetry was used with the aim of improving identification and preventing respiratory complications in these patients, but the type of anaesthesia, sedation, and airway management were not part of the practice improvement. Although many studies did not report the postoperative use of CPAP but the prior use of CPAP in patients with OSA ranged from 20% to 60% and this also could possibly have resulted in lowering the rate of respiratory complications. Although many studies have reported postoperative ARF in patients undergoing surgery, to our knowledge, only one study has reached statistical significance. Despite the wide range of variability in reporting of ARF, inclusion of four studies whose main aim was to reduce the incidence of adverse postoperative events, inclusion of studies that reported the use of prior CPAP, and exclusion of two large and important studies which used ICD-9 codes, postoperative ARF was more frequent in patients with OSA compared with those without OSA. We consider this as the major finding of our analysis. However, statistical significance was reached by pooling data on this complication that this needs to be confirmed by a large prospective study. This finding was recently shown in 50 000 patients with OSA undergoing general and orthopaedic surgery. 34 This study, however, was not included in our analysis, given the large number of OSA patients whose diagnosis was based on inpatient diagnostic code only.
Oxygen desaturation
Oxygen desaturation was defined differently in most studies. It is unlikely that all events were captured in these retrospective studies as therapeutic interventions may have occurred on the presence of desaturation. We do not believe that episodes of transient desaturation represent events of significant hypoxia, but, in patients with OSA, these may predict further worsening of respiratory complications.
Cardiac complications
Despite the relatively low incidence of postoperative cardiac complications in the individual studies, the incidence of cardiac complications in the cohort was statistically significant. Of the nine studies 13 
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Obstructive sleep apnoea and postoperative outcome propensity for OSA. 35 The incidence of tachycardia as opposed to postoperative arrhythmias, and related use of i.v. metoprolol, ephedrine, and labetalol was significantly higher in the OSA group, despite the fact that a majority of these patients received regional anaesthesia. Surgical stress, including postoperative pain and endocrine changes, increases the sympathetic activation further. Episodic hypoxaemia during random eye movement sleep lead to brief arousals associated with profound sympathetic activation, which may cause haemodynamic instability and increased mean arterial pressure. 39 40 Postoperative respiratory obstruction is associated with large fluctuations in systolic and diastolic arterial pressure measurement in patients with OSA, but this does not explain intraoperative changes. As a result of chronic adrenergic arousal, patients with sleep apnoea may have down-regulated a-receptors and b-receptors, and thus have an attenuated response to vasopressors. 41 Transfer to ICU after surgery Two studies had a major impact on our results. 22 28 One reported the highest rate of ICU transfers (40% vs 28%; P,0.01) and respiratory complications (33% vs 22%; P¼0.01) in patients with OSA, although the majority of these transfers were planned. 22 This study was however excluded from the analysis since the diagnosis of OSA was taken from the charts and the majority of the transfers to ICU were planned. In contrast, a higher rate of ICU transfer was reported for bariatric surgery patients without OSA (31% vs 69%). 28 However, when mandatory, PSG screening before surgery was used between 2004 and 2005 (phase 2); the overall rate of ICU transfer decreased (3.4% vs 5.6%). Phase 2 underestimates the effect of OSA on ICU transfer in postoperative patients, and other studies found higher rates of ICU transfer after surgery. 19 21 27 Most of these ICU transfers were unplanned. There are several limitations to our analysis. Respiratory failure is the main postoperative complication in patients with OSA. However, no standard definition for ARF was used between the studies. Some studies were initiated as QI projects, while others reported prior CPAP use, both of which may have helped reduce postoperative ARF. Our subgroup analyses, however, show that associations between 
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OSA and ARF remained unchanged, except among studies initiated as QI. Although we reached statistical significance with postoperative cardiac events in patients with OSA, inconsistent reporting between studies and wide range of cardiac and haemodynamic variables reported make the interpretation of this analysis difficult. Two recent studies, one of which had a large sample size, had to be excluded from the analysis for reasons discussed above. And lastly, meta-analysis by design is a univariate analysis and not adjusted for other variables.
In conclusion, patients with OSA undergoing non-cardiac surgery have a higher incidence of postoperative respiratory desaturation, respiratory failure, cardiac events, and ICU transfers than those without OSA.
